New 1,2,4-triazoles 3a,b, 4a,b, 1,3,4-oxadiazoles 5a,b, 1,3,4-thiadiazoles 6a,b and 4-thiazolidinones 7a,b were synthesized by cyclization of N-substituted 2-[2-(6-methyl-2-morpholinopyrimidin-4-ylthio)acetyl]hydrazinecarbothioamides 2a,b under different conditions. The starting 2a,b were readily obtained by acylation of 2-(6-methyl-2-morpholinopyrimidin-4-ylthio)acetohydrazide (1) with cyclohexyl or phenyl isothiocyanate. All new compounds were characterized by 1 H,
Introduction
Heterocyclic structures, in particular azoles and azines, form the basis of many pharmaceutical and agrochemical products. Publications devoted to the chemistry of azoles in recent decade refer to the synthesis of 1,2,4-triazoles, 1,3,4-oxa(thia) H NMR spectra three sets of NH group proton singlets as well as signals of cyclohexyl or phenyl group protons were observed confirming 2a and 2b formation. The cyclization of hydrazinecarbothioamides is an excellent strategy for the synthesis of different heterocycles. 16 The starting hydrazinecarbothioamides 2a,b on treatment with 10% sodium hydroxide solution at reflux undergo cyclodehydration to give 1,2,4-triazole-3-thiones 3a,b. The structure was evident from spectral data. The IR spectra displayed absorption bands at 3235-3127 cm -1 for NH, 1605-1595 cm -1 due C=N group and at 1332-1330 cm -1 corresponding to C=S stretch vibrations. The C=O group absorption was absent. The 1 H NMR spectra revealed far downfield signal of triazole NH proton at 13.89-13.60 ppm. Hydrazinecarbothioamides 2a,b were treated with iodomethane to give compound A. The intermediate A was expected to cyclize to form either 1,2,4-triazole 4 (dehydration) or 1,3,4-oxadiazole 5 (loss of CH 3 SH). Reaction of 2a,b with iodomethane in the presence of sodium hydroxide as a base did not proceed at room temperature, while at reflux heterocyclization to 1,2,4-triazoles 4a,b took place. The same methylthio derivatives 4a,b were synthesized by the direct alkylation of triazoles 3a,b with iodomethane in analogous conditions. The structure assignment was made by spectral data. In the 1 H NMR spectra of triazoles 4a,b singlets observed at 2.65 ppm (4a) and 2.59 ppm (4b) were attributed to SCH 3 protons and a signal for NH proton was absent. In the IR spectra characteristic NH group absorption was not found. There are different methods to generate 2-amino substituted 1,3,4-oxadiazoles by oxidative cyclization of acylhydrazinecarbothioamides. H NMR spectra revealed the presence of two singlets for thiomethylene protons. Another pair of singlets equivalent to two protons at 4.02, 4.05 (for 7a) and 4.10, 4.07 ppm (for 7b) correspond to C-5 protons of the 4-thiazolidinone ring. Peaks resonated at 28.3 and 30.6 ppm in the 13 C NMR were assigned to thiazolidinone C-5, while at 158.5 and 148.2 ppm were attributed to C-2 of the 4-thiazolidinone ring.
In conclusion, a simple and effective procedure for the preparation of novel 1,2,4-triazoles, 1,3,4-oxadiazoles, 1,3,4-thiadiazoles and 4-thiazolidinones from a common (6-methyl-2-morpholinopyrimidin-4-ylthio)acetohydrazide intermediate was developed.
Experimental Section
General. Melting points were determined in open capillaries and are uncorrected. The IR spectra were recorded on a Spectrum BX FT-IR (Perkin-Elmer, Sweden) as potassium bromide pellets. The NMR spectra were recorded on a Unity Varian Inova spectrometer at 300 MHz for H and 75 MHz for C, chemical shifts (δ) are reported in ppm relative to TMS. The course of reactions and purity of compounds was controlled by TLC on Alugram Sil G/UV plates (ethyl acetate/hexane = 3/1). Elemental analyses were performed at the Microanalytical Laboratory of the Department of Organic Chemistry of Vilnius University. Chemicals were purchased from Sigma-Aldrich. All solvents were dried and distilled before use. ppm: 24.3, 25.5, 25.9, 31.6, 32.6, 44.5, 53.3, 66.7, 106.9, 161.1, 166.4, 167.9, 168.4, 181.0 ppm: 24.3, 31.7, 44.5, 66.7, 107.0, 125.9, 126.4, 128.9, 139.7, 161.1, 166.4, 168.0, 168.4, 181.5 
4-Cyclohexyl-5-methylthio-3-[(6-methyl-2-morpholinopyrimidin-4-ylthio)methyl]-1,2,4-triazole (4a). Method A.
A solution of iodomethane (0.185 g, 1.3 mmol) and methanol (5 ml) was added dropwise to a mixture of triazole 3a (0.41 g, 1 mmol), sodium hydroxide (0.04 g, 1 mmol) and methanol (10 ml) under stirring. The reaction mixture was heated at reflux for 2 h and distilled under reduced pressure. The residue was dissolved in water, neutralized with diluted HCl and extracted with chloroform. The extracts were dried under Na 2 SO 4 and evaporated to give a white solid of 4a. 15.0, 22.3, 24.2, 66.7, 107.0, 127.9, 130.5, 130.7, 133.2, 152.7, 153.2, 160.6, 166.6, 166.9 
2-Cyclohexylamino-5-[(6-methyl-2-morpholinopyrimidin-4-ylthio)methyl]-1,3,4-oxadiazole (5a). Method A.
Iodine in a 5% solution of potassium iodide in ethanol was added dropwise to a cooled (5-7 °C) mixture of hydrazinecarbothioamide 2a (0.42 g, 1 mmol), ethanol (7 ml) and 2 N sodium hydroxide solution (0.7 ml) under stirring till the color of iodine persisted. The reaction mixture was allowed to warm to room temperature and then was heated at 45-50°C for 2 hours. The solvent was removed in vacuum, the residue was poured over crushed ice and neutralized with acetic acid. The solid formed was filtered of, washed with water, dried and crystallized from benzene to give 0.22 g (57%) of 5a, mp 159-160 °C; 1 H NMR (DMSO-d 6 ), δ, ppm: 1.14-1.29, ppm: 22.6, 24.3, 44.5, 66.7, 107.0, 117.6, 122.5, 129.8, 139.3, 157.9, 160.6, 160.9, 166.9, 167.0 ppm: 24.3, 25.0, 25.9, 27.6, 32.8, 44.7, 54.0, 66.8, 107.2, 155.6, 160.8, 166.8, 167.3, 169.0 2H, cyclohexyl), 8H, morpholine), 3.92, 4.11 (2s, 2H, SCH 2 ), 4.02, 4.05 (2s, 2H, thiazolidine), 1H, cyclohexyl) , 6.56 (s, 1H, CH-pyrimidine), 10.37 (s, 1H, NH); 13 C NMR (DMSO-d 6 ), δ, ppm: 24.3, 25.5, 26.2, 28.3, 32.0, 33.1, 44.6, 55.7, 66.8, 106.9, 158.5, 161.0, 164.8, 166.2, 168.7, 172 ppm: 24.3, 30.6, 31.1, 44.5, 66.7, 106.8, 121.3, 125.2, 130.1, 136.3, 148.2, 161.0, 166.4, 167.0, 168.0, 169.0; IR, ν, : 3229 (NH),
